We experimentally demonstrate hyperfine optical pumping of rubidium atoms probed by an evanescent electromagnetic field at a dielectric-vapor interface. This light-atom interaction at the nanoscale is investigated using a right angle prism integrated with a vapor cell and excited by evanescent wave under total internal reflection. An efficient hyperfine optical pumping, leading to a complete suppression of absorption on the probed evanescent signal, is observed when a pump laser beam is sent at normal incidence to the interface. In contrast, when the pump and probe beams are co-propagating in the integrated prismvapor cell, no clear evidence of optical pumping is observed. The experimental results are supported by a detailed model based on optical Bloch equation of a four atomic levels structure. The obtained on-chip highly efficient optical pumping at the nanoscale is regarded as an important step in the quest for applications such as optical switching, magnetometry and quantum memory.
velocity classes cannot be pumped. If, on the other hand, a cross beam configuration is used, atoms can be pumped regardless of their velocity component along the probe beam. Still, atoms with a velocity component along the pump propagation direction (perpendicular to the probe), which do not match the pump detuning, will not be pumped. In this work, we take advantage of velocity selection process at the nanoscale to remove this obstacle and demonstrate both theoretically and experimentally efficient hyperfine optical pumping on the reflected evanescent field signal within a cross beam pump-probe scheme. A right angle prism integrated with a vapor cell has been used to support evanescent wave under total internal reflection scheme in the vapor [21] . Optical pumping is observed in the selective reflection signal when the propagating pump and evanescent probe beams are orthogonal to each other. Similar experimental configurations have been used to explore atom-surface scattering properties [22, 23] , reflection spectroscopy of a spin-polarized gas [24] and direct observation of the evanescent field [25] . To reveal the optical pumping mechanism in the subwavelength atomic layer, a detailed model based on the optical Bloch equation is developed and compared to our experimental results.
Numerical Results: The Doppler frequency broadening in the experiment allows only to resolve the ground state hyperfine level and the excited state fine level. For this reason, the complex level structure of the 85 Rb atom is reduced to a four levels scheme as shown in Figure 1 (b). This simplified level scheme is sufficient to investigate the optical pumping between the two hyperfine ground states, noted |1⟩, |2⟩. We keep the same energy splitting as for the 85 Rb atom. Levels |3⟩ and |4⟩ are the excited state levels corresponding to D1 transition and D2 transition respectively. In the theoretical model, the pump beam is set on the |1⟩ → |3⟩ transition and the probe beam is set between |1⟩ → |4⟩ and |2⟩ → |4⟩ transitions, respectively. Δ , Δ are the detunings and Ω , Ω are the Rabi frequencies of the probe and pump beam respectively. The model also corresponds to our experimental configuration, shown later in Figure 2 . To study the interaction of the electromagnetic field with atoms, we use the electric dipole interaction operator,
where ⃗ 1 , and ⃗ 2 are the dipole matrix element of the D1, and D2 transition respectively. , , and , , are the amplitude, frequency, and wavenumber of the pump and probe beams, respectively. ̂=̂ and ̂=̂ are the electric field polarizations of the pump, and probe beams, respectively. The evanescent nature of the probe beam implies that
is the penetration depth, is equal to:
Here, 1 is the refractive index of the prism and is the incidence angle of the probe laser beam, which is slightly larger than the critical angle for total internal reflection.
With these definitions in mind, the interaction operator V in matrix form under rotating wave approximation can be written as: Where , are the atomic velocity along x and z direction, respectively, and = √ / is the thermal velocity of the atomic vapor. , , and are the Boltzmann constant, the temperature of the gas and the atomic mass, respectively.
The reflectively for TM polarization of the probe beam is defined as:
where is the reflection coefficient which can be expressed using Fresnel equations as :
Where 2 is the refractive index of Rubidium vapor,
Throughout this article, the reflectivity simulations were carried out using the above equations.
Experimental Results:
A schematic drawing of the experimental setup is shown in Figure 2 with a slight temperature gradient to avoid the condensation of rubidium atoms on the surface of the prism.
Further details about the fabrication for the vapor cell can be found in ref. [20] .
In the first experiment, the 795 nm pump laser (L1: TOPTICA Photonics, DL 100) is sent in the vapor cell from the top, and at a normal incidence with respect to the surface of the prism. This laser is frequency As a result, those atoms do not have sufficient time to interact with the probe beam, propagating along the x-axis. Thus, we observe full optical pumping imprinted on the evanescent probe beam, since all the interacting atoms are pumped to the other off-resonant ground state. To further validate our results, we performed a control experiment, where the pump (795 nm) and the probe (780 nm) beams are co-propagating as shown in Figure 5 (a). To detect only the probe beam, two band pass filters were placed before the detector to reject the 795 nm pump beam. The result obtained from copropagating beam experiment is shown in Figure 5 (b). The blue and red lines represent the reflected signal when the pump beam was "off" and "on" respectively. As can be seen, efficient optical pumping cannot be observed. Instead, when the pump beam was on, we could see a small saddle in Fg = 2 absorption line which is attributed to velocity selective optical pumping [14] . 
Conclusion
In this work, we demonstrated efficient hyperfine optical pumping of an evanescent field at a dielectricvapor interface using cross beam pump-probe scheme. The experiment was performed with a Rubidium vapor but could be generalized to any alkaline atoms. A miniaturized hand-held device was realized by integrating a right angle prism with a vapor cell. Two pump-probe schemes were presented. In the first configuration, the pump and probe beams were propagating orthogonal to each other, whereas in the other scheme, the pump and probe beam were co-propagated. Highly efficient optical pumping was achieved only with the first configuration. This is explained by the fact that the pump beam could excite almost all the atoms moving perpendicular to the pump beam due to negligible Doppler shift. Additionally, atoms with significant velocity component along the pump beam, which cannot be pumped due to Doppler shift, contribute marginally to absorption as they quickly move away of the submicron confined evanescent probe beam. The results were obtained under different pump beam intensities and a decrease in the contrast of optical pumping was noticed with the decrease in the pump beam intensity. To support our experimental observations, we have calculated the expected reflected signal in our system using numerical simulations based on optical Bloch equations. The simulation results were found in good agreement with the observed experimental results. Finally, we believe that the obtained on-chip highly efficient optical pumping at nanoscale serves as an important step in the quest for realizing miniaturized quantum devices for diverse applications ranging from optical switching to magnetometry and quantum repeaters.
